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Abstract 
The following study unravels the impact of slicing an image on the download time. While JPEG 
compression has served Internet community well by its ability to compress big image files, 
limited bandwidth still causes slow download. Slicing an image is one of the methods developers 
employ to reduce the file size. In answering the question whether slicing lead to improved 
download time, image samples are taken and slicing experiments are conducted. Interestingly, 
slicing images if done correctly can contribute to the reduction in file size. However, image slicing 
has its limits. Failure to observe this limit will result in bigger file size that will render image 
slicing to be useless when it comes to optimum download time. 
Keywords : JPEG, Image slicing, downloading time, client, web server. 
1.0 Introduction 
The imperative element in displaying image on the Internet is image compression. Image 
compression format such as JPEG makes the file smaller for that reason it will speed up the 
download time. In investigating the impact of slicing JPEG image on the download time, one has 
to look at the architecture of HTTP protocol and the building blocks of JPEG image. 
1.1 HTTP Protocol 
Understanding the architecture of HTTP is important because that will determine how files are 
obtained from the web server. HTTP which stands for Hypertext Transfer Protocol consists of 
transaction between client (the browser) and the web server (Farouzan, 2003). HTTP transaction 
consists of two general activities namely request and response transaction. 
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The request usually will come from the client. In other word, client will issue request 
message to be entertained by the web server. The request message will include various methods 
which includes GET, HEAD, POST, PUT, PATCH, COPY, MOVE, DELETE, LINK, UNLINK 
and OPTION. One of the request methods which is important in our study will be the GET 
message. GET message is used by the client to retrieve document from the server. 
The response message will contain a few sections namely Status Line, Header, Blank 
Line, and Body. The response message will come from the web server after the client issue a 
request. In other word, as the client issue a request that has a GET method, web server will issue a 
response message that issue the required document if available and an error message if the 
document is not available on the server. The following Diagram 1 illustrates the whole process in 
general. 
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1.2 
Diagram 1 - Steps in obtaininga file from the server 
JPEG Compression 
Compressing a file size using JPEG format is done through a few steps. The following Diagram 2 
illustrates all the steps taken to compress an image into JPEG file format. 
Original image 
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Split into 
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tr 
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Diagram 2 - Steps in JPEG compression process 
The original image will be dissected into small blocks usually 8 x 8 pixels for each block. This is 
a very small block if compared to image size which usually will be more than 1 kb (1024 pixels). 
The next process will be Transform Blocks process. This process is executed to exposed spatial 
frequency within the block. This is necessary in order to generate a general value that contributes 
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to reduction in image file size. The next process is the quantize process. This process will round 
the amount obtained in transform process into absolute number. Finally, once the quantize process 
is done, coding process will be executed. Coding such as Run Length Encoding will be used to 
reduce the number of information in the output file. 
The decompression process is simply the opposite of what have been discussed above. 
The process is best illustrated using the following Diagram 3. 
Input image-
Compressed 
& 
Decoder 
Output 
image 
Dequantize 
reconstruct 
block 
Invert 
transform 
Diagram 3 - Steps in JPEG decompression process 
JPEG compression is a lossy compression. In other word, some of the original information will be 
lost during the compression process. However, since the lost of information is minimal user will 
not experience radical distortion in a compressed image file. 
Since JPEG compression has to undergo a number of steps, the compression and 
decompression process will take a while. The transform method for example, will divide the image 
into block of 8x8 and apply Discreet Cosine Transform computation on each of the blocks 
throughout the whole image. This requires massive computation if the file is big. As the research 
tries to slice the image, it is interesting to see whether slicing the image will help in easing the 
burden of computation during the compression/decompression process. 
2. Background Of Problem 
Although during website development it is advisable to slice images into smaller images, the 
impact of slicing the images towards downloading time require a thorough research and the most 
slices needed to be investigated. Therefore this paper will evaluate the usage of slicing technique 
on JPEG-based image file. Experiments are conducted in establishing whether slicing technique do 
contribute to reduction in total file size and speed up the download of an image file. 
2.1 Objectives 
i. To find out whether there is a decrease in downloading time as the number of slices per image 
increases, 
ii. To find out the optimum number of slices per image for the fastest downloading time, 
iii. To investigate on the correlation between the number of slices per image and downloading time. 
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2.2 Scope 
i. Data: Primary data - Timing taken during experimentation 
ii. File size considered: lOOkb, 150kb, 200kb, 250kb, 350kb, 400kb and 500kb 
iii. Number of slices: Starting with 4, 8, 10, 20, 30 and increases until optimum level is reached 
iv. Sample size: 100 images for each file size category 
3. Literature Review 
According to Nielson (2000), web page download times depends on page design, web server 
hardware/software configurations, client hardware/software configurations, and the performance 
characteristics of the Internet route connecting a client to the site. Of these, only page design is 
truly under the site designer's control. The designer can employ various techniques to enhance the 
download time from the server to the client. 
Wu (1999) on the other hand, tried to give some practical solutions and tips to decrease 
page size to speed up web page thus to provide users better surfing experience within the sites. This 
is done by optimizing the graphics and tables, and aware of special effects on multimedia. Wu c 
onclude that the main factors affecting page size significantly such like graphics, tables, frames, 
and multimedia files should be chosen carefully and be put into the right place to ensure a 
user-friendly Web site. 
On top of that Hyun (2003), optimized web pages using markup coding and graphic 
design techniques to make Web page download faster and increase acceptability. Optimize markup 
coding by using HTML optimization, head minimization and DHTML optimization while 
optimizing graphical design techniques via file size and quality (GIFs, JPEGs, and PNGs), use CSS 
and reuse graphics with same URLs, use RGB color format. Optimizing Web pages using several 
techniques such as HTML coding and image file saving methods may speed up the web page load 
time and pursue the maximum effectiveness of graphical images at the same time. 
Besides that, Smart Computing (2002), also highlights that image slicing is pretty simple 
in concept and in practice. Instead of placing one giant image on your Web page, an image-editing 
program, such as Adobe Photoshop, Paint Shop Pro, or even Microsoft Paint, can be used to cut the 
image into several smaller pieces. Then use simple HTML table coding to rebuild the image on 
Web page. Slicing the image won't necessarily make it load any faster, but when bits and pieces of 
the image load and display quickly, it appears to the visitor as though the page is loading quickly. 
In fact, it may actually increase the load time slightly, but the perception by the user is that it is 
faster. Finally Philip (2003), said that many web designers develop page layouts in Photoshop (or 
Illustrator) before use an application such as Dreamweaver to assemble the page in HTML. This 
approach allows the designer to use all of the powerful layout and design capabilities of Photoshop 
to work on the creative aspects of laying out the page. Once a design is solidified, the designer 
translate the Photoshop layout into the realities of HTML and limited download time. This involves 
compressing different parts of the layout in different ways (e.g. some parts will be GIF while 
others will be JPEG), and leaving some parts of the layout for live HTML. To do this, it's usually 
necessary to cut the original Photoshop image into smaller pieces - image slicing. ImageReady is 
a program specifically designed for image slicing, and contains many tools for this process. 
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Macromedia Fireworks is another program designed for image slicing. 
4. Methodology 
The following are the steps that are formulated in order to investigate the impact of slicing an 
image on the download time. 
A set of 100 images of size bigger than 500kb each was used for this experiment. The 
images was duplicated and resized into three categories namely lOOkb, 350kb, and 500kb. The 
purpose of selecting lOOkb and 350kb was because these sizes were the range of size that was 
commonly used to display image in a website. Since 500kb was considered to be a big size, it was 
included to see the impact of big file size on slicing process in relation to the download time. 
The images on these different categories were sliced into different slices using Adobe Photoshop. 
The images were sliced using the following formation: 
• 4 slices (2 x 2) 
• 16 slices (4 x 4) 
• 64 slices (8 x 8) 
• 100 slices (10 x 10) 
The slicing process sliced the image into grid matrix-like ( n x n ) division. This made the 
slices to take a near-square form. The division was referred to as slicing dimension throughout this 
paper. Adobe Photoshop was used because it has slicing features incorporated inside one of its 
eatures. In addition Adobe Photoshop offers an automated creation of HTML page that displays the 
sliced image. A Javascript-based timer was incorporated in the HTML file to be used as time 
measurement during the experiment later on. 
The purpose of having the categories (lOOkb, 200kb, 350kb, 400kb and 500kb) and 
different slice formation was to establish a pattern between slicing image within the same file size 
and among different file size. 
The sliced images was uploaded into a web server running Internet Information Server 
version 5.0. The server was installed on an Intel-based personal computer with the following 
configuration: 
• Microprocessor - Pentium IV (Single Processor) 
• Memory - 400 MB SDRAM 
• Hard Disk -30 GB 
Experiment was conducted by investigating the file size pre and post slicing process. This 
investigation enabled us to find out if the total file size would grow bigger or smaller relative to the 
preset size category as we slice our images in different formation. 
Another experiment was conducted investigating the download time of each of the HTML 
page that displays the sliced image by using <table> tag. The data obtained was in unit of 
milliseconds. This experiment was conducted locally on the web server to eliminate other 
contributing factor that might affect the download time. The experiment was repeated for 10 times 
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and the average download time was taken. The purpose of this activity was to reduce any other 
contributing factor that may affect the downloading time. 
5. Analysis And Discussion 
5.1 Slicing impact on the file size 
Slicing initially contribute to some reduction in aggregate file size of an image. This can be best 
sum up by the following Graphs: 
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Graph 1 -The Effect of Image Slicing on File Size 
Based on Graph 1, the file size seems to be smaller than non-sliced version in 2x2 and 
4x4 slicing process. The result appears to be constant in all categories (lOOkb, 350kb and 500kb). 
This can be attributed to the different size reduction for each individual slice. As some of the slices 
will have color information that is highly correlated, the compression rate will be significantly 
higher for these particular slices hence contributed to aggregate size reduction. 
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Graph 2 - Size Reduction Due to Slicing Process 
Graph 2 depict amount of size reduction gain through image slicing. As illustrated, 
slicing an image will lead to gain in term of size reduction for any slicing dimension of 4x4 and 
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less. As the slicing dimension gets bigger than 4x4, the aggregate file size increases defeating the 
purpose of reducing the file size. 
Graph 3 - Size Reduction (In Percent) Due to Slicing Process 
Graph 3 depicts the percentage of reduction for each slicing category (2x2,4x4, 8x8 and 
10x10). File with size of lOOkb stands to gain almost 20% of sizing reduction in 2x2 category and 
lesser in 4x4 category. Likewise it size will bloat the most when sliced at dimension of 10x10. The 
images with file size of 350kb and 500kb saw a modest gain in size reduction (Less than 10%). 
Interestingly the percentage of increment of file size at 8x8 and 10x10 seems not to be so much if 
compared to images with file size of lOOkb. 
Based on the given facts, Image slicing can contribute to smaller file size if the slicing is 
smaller or equal to 4x4. Smaller file size may contribute to faster download time. However the file 
size increases dramatically from that point (4x4). The notion that each individual slice compresses 
differently and some may lead to reduction in size does not apply as the amount of slices grows. 
The file size will grow as the slicing dimension increases. Interestingly however the growth in 
percentage wise seems to be biggest with the smallest file category of the experiment (lOOkb). The 
other categories (350kb and 500kb) saw a modest size increase in term of percentage when the 
image slicing dimension increases. 
One of the explanations for the size growth is the operating system will include icon infor-
mation for each of the file produced (Haynes, 2002). Since each slice results in a new file, icon 
information will be incorporated in this file hence increases the file image. The addition of icon 
information seems to be a significant to a small file size that lead to higher percentage of increment 
in image size of lOOkb. On the other hand since the icon information data size will be constant and 
considerably small it does not give big impact to larger file such as 350kb and 500kb size cate-
gories hence smaller percentage of file growth. 
Another explanation for increase in file size is due to the increase of markup tag information inside 
the HTML page. As slices are bigger, more markup tags are needed to build a complete table that 
displays the image. As such the file size of the html file will be bigger. 
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5.2 Slicing impact on the download time 
Although in certain cases after-sliced file sizes are technically smaller than non-sliced version, the 
download time data indicates an upward trend as depicted in the following Graph 4. 
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Graph 4 - Image Slicing Impact on Download Time 
Graph 4 indicates that time taken to download a sliced image of 2x2 is about the same as 
downloading the non-sliced version at least for the lOOkb and 500kb file categories and take 
slightly more time for 350kb category. The curve as indicated by the graph is following a 
logarithmic pattern in which more dramatic increases in download time starts to appear from slice 
dimension of 4x4. 
Slicing an image into dimension of 8x8 and 10x10 will definitely lead to a very long 
waiting time as the graph suggest. The 350kb and 500kb files are downloaded at slower rate than 
lOOkb. However it seems that download time for both 350kb and 500kb does not show much 
different. Surprisingly files actually download faster for 500kb image file compared to 350kb at 
slice dimension of 10x10. 
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Graph 5 - Time Increment Relative to Non-sliced Image 
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Graph 5 illustrates the additional time taken to download for sliced image relative to 
non-sliced version. Like Graph 4, the graph has an upward trend showing the slice dimension of 
2x2 register the smallest increment in download time. 
Interestingly file size in the 350kb seems to register bigger increase in download time 
compared to 500kb. The image with file size of 500kb requires additional time that is comparable 
with image with file size of lOOkb. All and all, the lOOkb image file category performs poorly in 
10x10 dimension. Although it clocks increment in download time that is lower than 500kb and 
350kb, the different is very small if compared with 500kb category. 
Time Increment (Percentage) Relative To Non-sliced 
Image 
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Graph 6 - Time Increment (Percentage) Relative to Non-sliced Image 
In analyzing further, Graph 6 shows to us the percentage of increment relative to the 
non-sliced version of the image. It is very obvious in this graph than image file with size of lOOkb 
performs very badly if we slice it in large amount. While the percentage increment in download 
time seems to be small in slice dimension of 2x2 and 4x4, the same thing does not hold for slice 
dimension of 8x8 and 10x10 especially for lOOkb file category which clocked additional 1400% 
than the time taken to download the original non-sliced version of the same image. 
Based on the finding it safe to say that image slicing actually increases the download time 
of an image. However the increment seems to be very minimal as long as the slice dimension is 
smaller or equal to 4x4. Slicing an image contribute to a very long download time when the slice 
dimension is bigger than 4x4. This is especially true if the file size is lOOkb. While slicing a large 
image will lead to longer download time, the variation is small at the upper level. As indicated in 
the case of 350kb and 500kb file, if we want to slice a large image, it does not make much 
different (download time-wise) if we chose 500kb image file or 350kb image file. As such, given 
a choice of 500kb and 350kb, it may be better to slice the 500kb version when we want to slice it 
in large dimension. 
6. Conclusion 
Slicing the image actually can lead to smaller total file size. In our experiment, it has been proven 
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that slicing can contribute to smaller file size. However image slicing work best at most by slicing 
it into slice dimension of 4x4 (16 slices). Any slicing process that is bigger than 4x4 contributes to 
bigger file size. As such it is advisable for developers to slice an image not more than slice 
dimension of 4x4. Any slice bigger than that will increase the file size. 
Reduction of file size during the slicing process does not guarantee reduction in 
downloading time. Generally all slicing dimension demonstrate an increase in download time 
beginning from slice dimension of 2x2, 4x4, 8x8 to 10x10. The increment in downloading time 
takes a logarithmic pattern in which tremendous increase in download time is obvious given high 
slice dimension such as 8x8 and 10x10. On the other hand increment in download time is very 
negligible for slice dimension of 2x2 and 4x4. As such, if the designer want some flexibility in its 
image presentation and require fast download time, slicing the image at slice dimension of 2x2 and 
4x4 may do the trick. However if the developer are dealing with larger file image such as 350kb 
and 500kb, the impact of slicing a 500kb image will not be very different from 350kb. As such, if 
the developer insists on quality of image and want to slice the image, he may want to slice 500kb 
image compare to 350kb version because the download time for the sliced 500kb file will not be 
far of from the 350kb version. 
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